Milk and milk products are very important in human nutrition
INTRODUCTION
Cow's milk and dairy products have a long tradition in human nutrition. The consumption of milk and milk products varies considerably among regions; from about 180 kg a year per capita in Island and Finland to less than 50 kg in Japan and China (Saxselin et al., 2003) . Consumption of milk and milk products is about 70 kg a year per capita in Serbia and the most commonly used product is cow's milk (Stankovic, 2007) . In addition, the most important foods for infants during the first year of life are human milk and infant formula. Milk is a source of lipids, proteins, amino acids, vitamins and minerals. As a metabolic source of energy milk lipids are necessary for normal body functions and are very important for growth and development. In average, milk contains about 4% of total lipids (Jensen et al., 1995) . Triglycerides are the main lipid fraction which accounts for about 95% of total lipids. Other milk lipids are diacilglicerol (about 2% of the lipid fraction), phospholipids (about 1%), cholesterol (less than 0.5%) and free fatty acids accounting to less than 0.5% of total milk lipids (Jensen et al., 1995) .
Fatty acids (FA) of different length and saturation are the major components of lipid molecules in milk. Medium-chain fatty acids (C:16) are synthesized in mammary glands, whereas long-chain saturated (SFA), monounsaturated (MUFA), as well as polyunsaturated FA (PUFA) come into mammary glands via the general circulation (Spear et al., 1992) . More than half of milk FA are saturated FA, MUFA follow, while PUFA are present in the lowest concentrations. The composition of FA in diary products is particularly important because of their different effects on health. Some of SFA, such as lauric (12:0), myristic (14:0) and palmitic (16:0) acids raise blood cholesterol levels, and diets rich in saturated fats have been regarded as contributing to the development of heart disease, weight gain and obesity (Mensink et al., 2003) . In contrast to this, capric (10:0), lauric (12:0) and stearic (18:0) acid may have neutral or even positive effects on health (Haug et al., 2007) .
MUFA with the highest percentage in milk is oleic acid (18:1). This FA is considered to be beneficial for health, as diets with high amounts of MUFA decrease plasma cholesterol, LDL cholesterol and triglyceride concentration (Haug et al., 2007) . Several studies indicate a cancer protective effect of oleic acid, though the data are not entirely convincing (Ip, 1997) . The main PUFA in milk are linoleic (18:2n-6) and a linolenic (18:3n-3) acids which may be converted to arachidonic (AA, 20:4n-6) and eicosapentaenoic acids (EPA 20:5 n-3), and further to eicosanoids; metabolically very active molecules with local functions (Salem et al., 1996) . Our previous data showed higher content of SFA, n-6 PUFA, higher n-6/n-3 ratio and lower n-3 PUFA in serum and erythrocyte phospholipids in the Serbian population, which primarily reflects FA intake (Risti} et al., 2006) .
Milk is a very good source of essential n-3 fatty acids. Children and adults usually consume cow's milk, while mother's milk in a main source of nutrients for newborns. When breastfeeding is not possible, standard or supplemented infant formulas are used. The content of SFA and MUFA is similar in cow's milk and in infant formula, but the total PUFA content differs significantly. Fat content and FA composition in human milk depend not only on their presence in mother's diet, but also on climatic, ethical, cultural and other circumstances. In contrast to cow's milk and infant formula, human milk contains small but significant amounts of long chain (LC) PUFA, particularly AA and DHA, which are necessary for optimal development of the brain (Crawford et al., 1981) , the retina (Neuriger et al., 1984) and other infant tissues.
There is a lack of studies which compare FA profile in different types of milk used in human nutrition. The aim of this study was to determine and compare the FA composition of human milk, infant formula and cow's milk, which are most commonly consumed by the Serbian population.
MATERIAL AND METHODS

Milk samples
We examined cow's milk samples with 3.2 percentage of fat (Imlek, Belgrade, Serbia) which is most often used in the Serbian population. Samples were taken from more than one sales outlet type (supermarkets, local groceries), according to the EuroFIR recommendation. There were 3 primary samples. The examined infant formula (Impamil and Nan) is mostly used in Serbian maternity hospitals, and was prepared according to the manufacturer's protocol just before the extraction of FA.
The study also included 23 lactating mothers, which gave birth from June 2005 to September 2006 in Belgrade. None of them consumed fish more than twice per month, and they didn't take supplements. Breast-milk (5-10 mL) was manually collected into a sterile vessel on the 14 th day of lactation (mature milk), after the morning feeding of infants. FA were analyzed immediately after milk collection.
FA extraction
Milk fatty acids were extracted from 500 mL of human milk, infant formula or cow's milk using the 4.5 mL chloroform-methanol mixture (2:1 v/v). 1 mL of lipid extract was methylated and then analyzed for total fatty acid content in milk using gas chromatography (Shimadzu 2014, Kyoto, Japan ), fitted by Optima FFAP column. Fatty acid methyl esters were identified through the comparison of retention times with standard fatty acids (Sigma Aldrich Chemie, Taufkirchen, Germany).
Statistical analysis
All results are presented as means ± SD. Profile comparisons were made using one-way ANOVA, followed by the Tuckey post hoc test. Differences were considered significant at p-values of £0.05.
RESULTS
Although the content of fat in milk can vary, milk contains about 4% of total lipids. Fatty acids are lipid components and the most dominant are SFA, while MUFA and PUFA are present in lower concentrations. The aim of this study was to determine and compare FA composition of different milk types which are usually consumed by the Serbian population.
Our results show that the fat content in human milk varied from 3.5 to 4.5% and in infant formula it corresponded to label value which was 3.5% (data not shown). The examined samples of cow's milk contained 3.2% fat.
SFA composition in milk samples
Our study showed that the percentage of total SFA was significantly higher in cow's milk (70.15±2.43) than in infants formula (55.17±2.02, p<0.001) and human milk (44.3±4.86, p<0.001). In addition, the content of single SFA significantly differed among examined milk types. Results are presented in Table  1 . The most prevailing FA in all three types of milk was saturated palmitic acid (16:0), which was highest in cow's milk (35.9±1.64%). Its concentration was also significantly higher in infants formula (28.57±0.52%) than in human milk (22.24±2.32%). The percentages of the other SFA such as capric (10:0), myristic (14:0) and stearic acid (18:0) were also highest in cow's milk. Only the content of lauric acid (12:0), from all SFA, was higher in human milk than in cow's milk (Table  1) . 
MUFA composition in milk samples
We found that total MUFA, as well as oleic acid (18:1, n-9) content were significantly lower in cow's milk (26.17±2.04, 23.97±0.95, respectively) when compared to infant formula (30.06±1.0, 30.4±0.7) and particularly to human milk (36.56±3.24, 32.78±3.27) ( Table 2) .
PUFA composition in milk samples
Total PUFA in cow's milk was very low (only 3.6±0.57%), while in infant formula and in human milk PUFA participated with significant percentages (15.0±2.0 and 19.1±3.91, respectively). As it can be seen in Table 3 , the linoleic acid (18:2) percentages in human milk and baby formula were similar (16.29±3.63, 14.03±1.00 respectively), while samples of cow's milk contained only 1.02±0.1% of this FA. However, the content of a-linolenic acid and total n-3 were slightly lower in human milk and infant formula when compared to cow's milk (Table 3) . All abbreviations as in Table 1 . All abbreviations as in Table 1 .
The percentage of n-6, as well as the n-6/n-3 ratio, were significantly higher in human milk (18.24±3.80 and 22.65±6.16, respectively) when compared to infant formula (14.06±1.00 and 17.42±0.80, respectively). Cow's milk, however, contained only 1.02±0.10% of n-6. Such a low content of n-6 PUFA also caused a very low n-6/n-3 ratio in cow's milk (0.35±0.02). Long chain PUFA were detected exclusively in human milk, as expected. 
DISCUSSION
Regarding the different influence of single FA on human health, the main goal of our investigation was to determine to what extent FA profiles differ in three types of milk (human milk, infant formula and cow's milk) which are the most commonly consumed milks in the Serbian population.
Our results showed significant differences in FA content among the three types of milk. In all analyzed samples, saturated FA were the most prevalent, particularly in cow's milk where SFA participated with about 70%. However, USDA National Nutrient Database for Standard Reference data showed that bovine milk contained about 58% of SFA. Percentages of single saturated fatty acids differed as well. Thus, in our study, the percentage of lauric acid (12:0), was higher in human milk when compared to cow's milk, which may have beneficial effects on the health of infants. This fatty acid has antiviral and antibacterial functions (Sun et al., 2002) , and might act as an anti caries and anti plaque agent (Schuster et al.,1980) . In contrast to this, saturated FA, such as myristic (14:0) and palmitic (16:0) acids have low-density lipoprotein (LDL) and total cholesterol-increasing properties, so that high intake of these FA contributes to the development of cardiovascular diseases (Haug et al., 2007) . In our study the percentage of myristic and palmitic acids was highest in cow's milk. Palmitic acid was also significantly higher in infant formula than in breast milk. Interestingly, although it belongs to the SFA group, stearic acid (18:0) does not seem to increase serum cholesterol concentration, and is not atherogenic (Grundy, 1994) . Our study also showed the highest concentration of stearic acid in cow's milk. A study by Jensen et al. showed that percentage of myristic and palmitic acids was higher in bovine milk compared to human milk, whereas the percentage of stearic acid was similar in bovine and human milk (Jensen et al.,1990) . These results indicate that, although the consumption of 0.5 L of milk per day supplies a significant amount of required nutrients (Haug et al., 2007) . Special attention should be payed to the high content of SFA in cow's milk, as in our study showed, when deciding on daily quantities of milk consumption.
The most prevalent unsaturated FA in all types of milk was oleic acid. Its concentration in whole cow's milk is about 8 g/L (USDA National Nutrient Database for Standard Reference) so milk and milk products substantially contribute to the dietary intake of oleic acid in many countries (Haug et al., 2007) . Comparing oleic acid content in infant formula, cow's and human milk, we found the highest concentration of this FA in human milk. The well-known beneficial effects of oleic acid on human health (Haug et al., 2007 ) make its content in milk very important. The percentage of undesirable SFA in cow's milk can be replaced with desirable MUFA and PUFA by inclusion of feed components in cow's nutrition such as rapeseed, soybean or linseed oils (Collomb et al., 2004) , that could have significant health benefits for humans (Visioli et al., 2000) . The study by Komprda et al., (2005) showed that feed mixture containing rapeseed, rapeseed oil and rapeseed cakes significantly decreased the content of palmitic acid and, at the same time, increased the content of stearic, oleic, linoleic and a linoleic acid in the milk of these cows.
The precursors of LC PUFA n-6 and n-3 families are linoleic (18:2, n-6) (LA) and a linolenic (18:3, n-3) acids, respectively. These FA are essential for mammals and therefore must be present in the human diet (Uauy et al., 2000) . We found that the percentage of n-6 precursor LA was lowest in cow's milk (only 1.02±0.01% compared with 16.29±3.63% in human milk), while the percentage of aLA (n-3 precursor) was lowest in human milk. Consequently, the percentage of total PUFA and n-6 PUFA were highest in human milk, but also significantly higher in infant formula than in cow's milk. These findings are very important, considering that n-6 PUFA are necessary for growth and development, for liver and kidney function, heart contractility, and skin permeability in infants (Carlson et al., 1992 ). In adults, decreased level of total PUFA, mainly of n-6 family, was observed in patients with insulin resistance (Borkman et al., 1993) . On the contrary, total n-3 FA content was higher in cow's milk compared to human milk and infant formula. A recent study suggested that high supplementation of milk with n-3 FA in Iceland might explain the lower prevalence of type-2 diabetes and coronary heart disease mortality in Iceland compared to other European countries (Thorsdottir et al., 2004) . Postnatal deficiency in n-3 PUFA in infants has been associated with neural and retinal complications (San Giovanni et al., 2000) , and it may be associated with metabolic syndrome in adults (Kabagambe et al., 2008) .
Long chain polyunsaturated fatty acids (C³20) play an important role in infant development and the maintenance of overall human health, either as a component of membrane phospholipids, or as precursors to various eicosanoids (Jump, 2002) . These FA were not detected in cow's milk and milk formula, but only in human milk. AA is the precursor of prostaglandins and leukotrienes and is essential for neonatal growth (Carlson et al., 1992) , whereas DHA is necessary for visual and cognitive development in infants and children. Recent epidemiologic and preclinical studies also suggest that DHA may protect against Alzheimer disease and other types of dementia (Arterburn et al., 2006) . Cardiovascular benefits have been attributed to long-chain n-3 fatty acids. All LC n-3 fatty acids may protect against advanced age-related macular degeneration, suggesting a continued role of these fats in brain and eye health in both adults and the elderly (Arterburn et al., 2006) . Concentrations of DHA and AA in breast milk were lower in our study than in the studies conducted in Japan, Dominican Republic, Philippines and Congo (DHA 0.6-1.4%), but were in accordance with reports from Pakistan, Canada, the Netherlands and France (0.06-0.14%) (Brenna et al., 2007) . The latter are the countries which are usually associated with low marine food consumption. Nutritional habits in the Serbian population, with its rare consumption of marine foods, could also explain a lower concentration of this FA in human milk. Thus, extreme values were consistent with studies suggesting that marine food-consuming populations have greater breast milk DHA concentration (Olafsdottir et al., 2006; Ogunleye et al., 1991) , as well as lower rates of coronary heart disease and some cancers (Bartsch et al., 1999) . Furthermore, eicosanoids derived from LA via AA, may enhance blood platelet aggregation and thereby increase the coronary risk, in contrast to eicosanoid products from aLA (Haug et al., 1992) . EPA has the ability to partially block the conversion of n-6 acids to harmful eicosanoids, thereby reducing the cardiovascular risk and inhibiting tumor genesis (Bagga et al., 2003) .
The balance between total n-6 and n-3 FA in the diet is important because of their competitive nature. For optimal infant nutrition, the ratio of n-6/n-3 must not be higher than 10 (Gerster, 1998) . However, in the present study this ratio was higher than recommended for both formula milk (17.42±0.80) and particularly for human milk (22.65±6.16) . In countries where mothers consumed high amounts of fish rich in n-3 PUFA, such as the Netherlands (Boersma et al., 1990 ), or Malaysia (Kneebone et al., 1985) , these n-6/n-3 ratios were significantly lower than in our country (8.5 and 6.5 respectively). However, this difference in n-6/n-3 ratio between Serbian and these women, occured not only due to a relatively low consumption of marine foods, but also due to a relatively high consumption of plant oils rich in n-6 PUFA. On the contrary, n-6/n-3 ratio in cow's milk in our study was only 0.35±0.02, which was even significantly lower than the data from Nordic countries: Iceland (2.1) and Norway (4.7) (Haug et al., 2007) .
This study compared three types of milk samples and indicated that human milk is the best food for infants in terms of fatty acids. However, due to deficiency of n-3 in Serbian women, supplementation with n-3 FA during lactation and supplementation of baby formulas is highly recommended. Cow's milk is recommendable for children and adults because of its high percentage of n-3 FA, in particular aLA and its good n6/n3 ratio, but its high content of SFA should be replaced by MUFA and PUFA during milk production.
